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INTRODUCTION 
The purpose of rrry research was to examine the DNA value per nucleus in 
the nzyxomycete, Physarum :e.oJ.ycephalW;!, by means of Feulgen microspectrophoto-
metry and to compare its result with the degree of incorporation of 3ii-thymi-
dine into nuclear DNA during late interphase ( G2). ,g. po].ycephalum is an 
excellent organism for the investigation of desoJ<Yribonucleic acid content 
and replication since it exhibits mitotic ~chrony. Mitotic synchrony oc-
curs in plasmodia of!• EQlycephalum after coalescence of microplasmodia 
(Rusch, 1969). 
According to Howard and Pelc (195J), interphase for most organisms can 
be divided into three stages: l) a non-synthetic (G1) period following mito-
sis and preceding 2) a synthetic (S) period where DNA replication occurs and 
J) a non-synthetic (G2) period following the synthetic period and preceding 
the next mitosis. 
Nygaard _tl &• (1960) have conducted an examination of the temporal re-
lationship between synthesis of DNA and mitotic nuclear division. It was 
shovm that DNA replication within ~· polycephalum begins innnediately after 
mitosis and occurs for the first two to three hours of int~rphase. This was 
also confirmed by Sachsenmaier (1964). 
Braun ~ !!• (1965) have shown that DNA synthesis occurs immediately af-
1 
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ter mi.t.osis and re;iches its peak five minutes after the uncoiling of telophasel 
chromosorr.es. Thus, a G1 period does not occur within~ pol.ycephalum. The I . 
time of interphase is approximately 8 hours and the duration of the syn. 
thetic period occurs within the first three to four hours of interphase. 
A minimum a2 period of several hours precedes_ mitosis in normal cultures 
of l • f?O),ycephalum. Braun ~ !.!• (1965) have also shown that al.though the 
initiation of DNA synthesis starts at the same time for 99"' of the nuclei, 
the end of DNA synthesis is not rigidly controlled ( synchroniz~). 
Theoretically, DNA synthesis should not occur during G2• However, 
it has been reported that labeled nucleic acid precursors are incorporated 
into DNA at a low rate during late interphase by Nygaard .,2!: !,!o (1960), 
Sachsenmaier (1964), Braun et al. (1965), and more recently by Braun and 
---
Evans (1969), Guttes and Guttes (1969), Holt and Gurney (1969) and Lammert 
(1969). 
Relative nuclear DNA content within nuclei of Ph.ysarum polycephalum 
was of interest in view of these studies. It·was thought that a comparison 
of relative DNA value per nucleus to '.3ii-thymidine incorporation during 
late interphase (G2) might help to further explain DNA synthesis in late 
interphase. 
REVI EJ1l OF LITERATURE 
Physa.rum EOlycephalum is classified as a slime mold: Phylum Myxomyco-
phyta, Class Myxomyceteae, Subclass Endosporeae, Order Physarales (Guttes 
~ !J:., 1961; Cohen, 1967; Swatek, 196?). ?-tYxomycetes have been claimed 
to belong tO Euley'cetes by botanists and to Myxamoebae or }trcetozoa by zo-
ologists (Frobisoher, 1968). The reason for this difference in classification 
is because Myxomycetes resemble plants in their reproductive stages and 
primitive animals in their vegetative. state (Guttes and Guttes, 1964b). 
Myxomycetes are characterized by amoeboid motion and the visible lack of 
cell walls during the vegetative stage (Alexopoulos, 1952). Myxomycetes 
should.not be confused with procaryotic slime-bacteria, the My.xobacteriales, 
• 
which they superficially resemble (Frobischer, 1968). Ph.ysarum is eucaryo-
tic and grows in the form of a multinucleated ·plasmodium ·(Howard, 19.32). 
Mi to sis of Phxsarum 
Synchrony of nuclear division has been reported in !t'xomycetes tor 
Badhamia utricularis (Lister, 189.3), Fuligo varians (Harper, 1900) and 
Physarum po]ycephalum (Howard, 19.32). Mitotic synchrony occurs in Phzsarum 
when cultured microplasmodia are allowed to coalesce into a large plasmodium; 
nuclei remain in synchrony until the plasmodium reaches a diameter of 5 cm 
(Guttea et al., 1961). 
-- . 
Light microscopic studies of mi to sis in Physarum have been reported . 
.3 
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by Howard (1932) and Guttes ~ !£. (1961). Their more important m.orphologi-
cal observation or t.ri.e mitotic stages are summarized as follows: 
Interphase, the intermitotic period, lasts for 6-7 hours after eoales-
cence of microplasmodia and increases slightly with each subsequent division. 
Interphase nuclei are spherical and contain one large central nucleolus 1.5-
2 hours after the preceding telophase. Chromosomes of interphase nuclei are 
condensed granular bodies located near the periphery of the nucleus. One 
hour before prophase, the nucleolus increases in size and the chromosomes 
move away from the periphery of the nuclear membrane. · 
During pro!iiase, the nucleolus moves to the nuclear membrane and dis-
integrates. Condensation of the chromosomes occurs. It was observed. that 
the nuclear membrane does not disintegrate a~ the onset of mitosis and that 
it is preserved. throughout metaphase, anaphase, and telophase. 
In order to elucidate to !'hat extent the nuclear membrane is preserved 
during mitosis, Guttes ~ !£. (1968) performed an eleotron microscopic study 
or mitosis in Ph.ysarum.. It was reported. that the nuclear membrane remains 
intact until anaphase~when the nuclei assume a highly irregular shape.· At 
late anaphase, the nuclear membrane undergoes partial disintegration at first 
near the spindle poles and then near the interzone. During telophase, a res-
toration of the intact nuclear membrane occurs. 
This observation seems to be in agreement with electron microscopic 
studies which have repeatedly shown that the nuclear membrane does not break 
down completely during mitosis in AllilllTl ~ (Porter and Machado, 1960), 
in the giant amoeba Peloll}YXo carolinensis (Roth and Daniels, 1962), in 
rat thymic lym!iiocytes (Murray ~ &·, · 1965), in grasshopper neuroblasts 
~-· ·-----------------"--;-] 
(Stevens, 1965) and in Amoeba proteus (Roth, 196?). 
Chromosome Number 
Although Howard. (1932) first described mitosis in Physarum P<?lycephalum, 
he was unable to separate and count the chromosomes. 
Ross (1966) found a discrepancy in the number of chromosomes when 
comparing cultures of Ph.ysarwn obtained from the McArdle Laboratory (Wisconsin 
strain) and those obtained from the Carolina Biological Supply House. The 
chromosome number for the microplasmodia from the McArdle Laboratory was 
50+2, whereas the chromosome number for the microplasmodia obtained. from the 
-
Carolina Biological Supply House had a wide range: 14; 20+2; 40+2; 50+2; 
- - -
70,±2; 90!2 and 180,±10. Allowance for counting error is expressed. in the dev-
iation for each chromosome number category. The chromosome counts from this 
latter strain were made from dividing nuclei and from microplasmodia contain-
ing many nuclei all with the same chromosome number. Ross felt that this 
variation in chromosome number was the result of inadequate nutritional con-
tent in the culture medium. 
Koevenig and Jackson (1966) worked with the Wisconsin strain of Ph.ysarum 
and reported. chromosome number of selected. nuclei as 56,±2. In addition, 
seven random counts of 1000 nuclei each revealed that approximately ~ of 
the nuclei were larger and lagged in division. Chromosome counts indicated 
that these representative large nuclei contained twice as many chromosomes. 
Koevenig felt that the best explanation for the 4% 11polyploid nuclei" is an 
~abnormal plasmodial mitosis resulting in an autopolyploid which is perpetuate 
by successive normal mitoses."~ 
1 
.2E .£!.!:~· p. 665. 
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DNA Synthe~is in Physarum 
As stated in the Introduction to this thesis, interphase has been 
divided into three stages: Gl' S, and G2 (Howard and Pelc, 1953). Reports 
of the duration and the time of the synthetic period (S) have been given 
for Ph:ysarUJll; 
Nygaard et!!:!• (196o) conducted an examination of the temporal relation-
ship between synthesis of DNA and mitotic nuclear division. By using c14_ 
orotic acid, they found that incorporation into DNA-thymine was greatest 
during the first l-2 hours after telophase. However, a small amount of radio-
activity was recovered during the "greater part of interphase. tt Nygaard .!1 
!!• (1960) suggested that this low level of incorporation was a result of 
contamination by the acid-soluble thymine derivatives. Sachsenmaier (1964) 
suggested that %-thymidine incorporation during late interphase might repre-
sent extranuclear DNA synthesis. 
In analytical cesium chloride centrifugation of Physarum nuclei, Braun 
~ !!:!· (1965) showed that DNA synthesis occurs immediately after mitosis 
and reaches its peak 5 minutes after the uncoiling of telophase chromosomes. 
This rate of synthesis is maintained for 1.5 hours and progressively decreases 
for an additional 2.5.hours. A low level of nuclear thymidine incorporation 
was retained for the rest of interphaseo Autoradiographs showed that: 1) 
the end of DNA synthesis is not rigidly controlled and 2) less than l~ of the 
nuclei were labeled in late interphase. It should also be noted that the 
presence of a heavy, nuclear satellite DNA which comprised about 5% of the 
total DNA was reported. 
Braun ~ !!• (1965) have shown that a minimum G2 period of several hours 
7 
precedes mitosis in normal cultures of Physaru..!!!• Also, by labeling DNA syn.. 
thesized in a successive interphase wit.11 5-bromodeoxyuridine {BUdR), they 
concluded that DNA in Ph~rsarum undergoes sequential tauporal replication. 
Investigations have been conducted. which concern the possibility or 
a cytoplasmic substance{s) initiating mitosis in Physal"U.~. Evidence for 
the mediation or· synchrony by a cytoplasmic factor is obtained. when micro-
plasmodia, undergoing asynchronous mitoses, are coalesced. to form a plasmo-
dium, undergoing synchronous mitoses {Gutt es ~ !!• , 1961). This view is 
supported by other studies. When coalescence occurs between plasmodia in 
different stages or the mitotic cycle, the following postfusion mitosis is 
synchronous {Guttes ~ &·, 1959: Guttes and Guttes, 1963, 1964b, 1968, 
1969a and b; Rusch~ !1:•• 1966). 
Cwnmins ,!ll &· {1965) established. the requirement for protein synthesis 
needed for the promotion and completion of mitosis in Physarum by using ac• 
tidione {cyclohex:i.mide}, an inhibitor of protein synthesis. By testing in-
corporation with labeled amino acids: cl4.1euaine, c14-lysine and s35_methi-
onine and with labeled nucleic acid precursors: HJ-uridine and HJ-hypoxanthine 
CUmmins ~ !!· {1965) found that the ensuing mitosis was completely blocked 
if actidione was added at any time between telophase and late prophase. When 
actidione was added in late prophase, mitosis was prolonged but eventually 
was completed (Cummins and Rusch, 1966). It was concluded that proteins 
necessary for mitosis are synthesized just prior to mitosis. 
Evidence was also presented by these experiments {Cummins~!!•• 1965; 
Cummins and Rusch, ;t.966) to show•that early "rounds of replication" are essen-
tial for the synthesis of proteins which permit following "rounds.'' This 
-·s--i 
evidence is in agreement with that presented for mammalian cell cultures 
(Mueller~!!•• 1962; Taylor, 1965)0 
Brewer and Rusch (1968) suggested that a heat-sensitive substance(s) is 
required for the initiation of mitosis and produced during the G2 period. 
When plasmodia were subjected to a heat shock of 37° C for 10 minutes (between i 
16 and 4 minutes before metaphase), "abnormal-appearing" nuclei did not divide 
although chromosome condensation occurred. These nuclei reverted to an ap.. 
pearance or mid-interphase nuclei. Three hours after the delayed metaphase, 
the DNA content was found to have doubled. Since the synthetic period occur-
red in the absence of mitosis, it was concluded that the initiation or mitosis 
and not the actual completion is required for the initiation of DNA replica-
tion in PhYsarum. 
In the case of repeated temperature shocks, DNA synthesis did not occur 
until mitosis was allowed to proceed (Brewer and Rusch, 1968). This result 
conflicts with those reported for Tetrahymena (Zeuthen, 1963) where DNA syn.. 
thesis occurs independently of mi to sis under similar experimental procedures. 
DNA replication may also be controlled within the nucleus. Guttes and 
Guttes (1968) have transplanted nuclei from S and G2 plasmodia. When nuclei 
in the S-phase were transplanted to a G2-phase host, DNA synthesis continued. 
However, it is interesting to note that when nuclei from G2-phase are trans-
planted to an S-phase host, another round of DNA synthesis was not initiated. 
Theoretically, DNA synthesis should not occur during the G2-phase. Re-
cently, it has been reported that HJ-thymidine is incorporated into a nuclear 
satellite DNA during o2 (Braun and Evans, 1969). Holt and Gumey (1969) have 
also reported a variable level. of H3.thymidine incorporation into a fraction 
r-~~w-------~.·~·-------------------, 
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of nuclear DNA which is of a higher density (1.706 g/cc) than principal DNA 
(l.700 g/cc). In addition, Guttes and Guttes (1969a) have investigated HJ-
thymidine incorporation into nuclear DNA. The incorporation occurred. during 
the G2-phase and exhibited. a spatial relationship to the nucleolus. 
Relative nuclear DNA content within nuclei of P}lysarum polycephalum was 
of interest in view of these. studies. It was thought that a comparison of 
relative DNA value per nucleus to H3-th.ymidine incorporation during late 
interphase (G2) might help to further explain DNA synthesis in late interphase 
MicrospectroEhotomet:ry 
The amount of nuclear DNA can be calculated. by one of two techniques: 
l) chemical analyses of a large number of cells with the number of cells pre-. 
sent estimated by sample counts, yielding data on an average amount of DNA in 
nuclei or 2) light absorption measurements made through a microscope, yielding 
data on a relative amount of DNA for individual nuclei. The latter technique 
is termed microspectrophotometry (Swift, 1950a and b). 
Microspectrophotometry has long been able to supply· DNA values of cells 
in Feulgen-stained nuclei. Feulgen microspectrophotometr,r is based upon the 
studies of Feulgen and Rossenbeck (1924) and Caspersson (1936). 
In l924, Feulgen and Rossenbeck developed a stain for DNA in nuclei by 
using basic fuchsin complexed with sulfurous acid (Schiff reagent) which 
.formed a leucobase. The basis for the Feulgen reaction may be summarized. in 
two steps: l) a mild acid hydrolysis breaks the purine sugar glycoside linkage 
in the DNA molecule, liberating aldehydes and 2) these aldehydes ~eact with a 
Schiff reagent to yield a colored compound (Leuchtenberger, 1958). Feulgen•s 
nucleal reaction for DNA estimation is ideal since cytoplasm is Feulgen nega. 
~ 
--------------·-------------------··,.-··1 10 I 
tive (Pollister, 1952). I 
Chrorr.atin stains of Feulgen type involving other dyes than basic fuchsin ( 
have been developed.. Ostergren (1948) found that a thionine-so2 mixture was 
able to react with aldehydes to form an aldehyde-S02-thionine combination. 
Azure-A in a Schiff reagent was developed by Ornstein and Atwood in Columbia 
in 1949 (unpublished., in DeLameter, 1951). DeLameter (1951) reported. the use 
I 
of an Azure-A-S02 mixture for bacterial nuclei. He postulated that the Feul-
gen reaction was essentially the same as that for basic fuchsin with the exce~ 
tion of the formation of a leucobase. DeLameter ~.!!.• (1955) have also re-
ported. the use of Feulgen Azure-A for bacterial nuclei. Modification of the 
Feulgen Azure-A method has also been developed. by Van Duijn (1956) and by. 
Swift and his colleagues prior to 1963 (unpublished, communication). 
Caspersson (1936) introduced qualitative analysis of intracellular com-
ponents by combining a microscope with a photometer. He determined. nucleic 
acid absorption of UV light in individual cells. 
Microspectrophotometry was first described by Pollister and Ris (1947). 
Essentially, 1) monochromatic light (I) is isolated. with a spectrophotometer, 
2) the light is allowed to pass through the specimen and 3) a microscope image 
is pennitted to fall on a phototube. Pollister and Ris (1947) examined the 
relative content of Feulgen-stained nuclei and the ratio of RNA to DNA using 
pyronin and methyl green. 
The fundamental principle underlying Feulgen microspectrophotometry in-
vol ves the quantitative analysis of a colored compound (Feulgen-dye-DNA com-
plex) by measuring monochromatic light (I) aborbed.. by this compound (Leuchten-
berger, 1958). Ornstein (1952) teruis these Feulgen-DNA complexes as "chromo-
phore pa~kages. 11 
.,., .... ,,!'.11~·----------~·r.~~~----------------------···---. 
ll 
In a discussion of absorption theory, Hiskey (1955) has shown· that the 
determination of light absorption involves two measurements: 1) the intensity 
of incident or background light (I ) and the light intensity of the incident 
. 0 
beam reduced by passing throught the specimen (Is). The light transmitted by 
the specimen is the transmission (T) represented. by I /I • Since the trans-
s 0 
mission is a reciprocal logarithmic function of the number of absorbing mole-
cules in the light path, the e.Xtinction (E) or optical density is defined as: 
E=log10 l/T=log10 I 0 /Is 
Pollister (1952) photometrically a~lyzed. various . sub.stances in cytologi-
cal preparations: tyrosine mercurial, basic i'uchsin (Feulgen), Azure-A, and 
methyl-greeno From his results, he concluded. that: 1) the photometer gives 
a linear response, 2) the methods are specific and 3) the methods are reprodu-
cible. 
Ornstein (1952) has given a guideline for the validity of photometric 
technique by stating: 
If identical measurements are made at two wave-
lengths, and if the computation from such data 
yield the same ratios, then we establish that 
"identical types 11 of pachages hare been dealt 
with in the measured. population. 
Measurili~: techniques employed. in microspectrophotometry may vary depen-
ding on the geometry of the specimen due to: 1) parallel sides of sectioned 
nuclei, 2) spherical nuclei, 3) spheroid nuclei and 4) irregular shapes ot 
the nuclei (Ris and Mirsky, 1949; Pollister ~ !.!•, 1969). The geometry of th 
specimen is important in detenung the M values (relative DNA values). 
Also important is the refractive index of the object. If the refractive 
index or the object differs from that of the medium in whi~h it is mounted, 
1 
o cit., p. 253. 
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the resultant error of light being reflected and refracted out of the meas-
ured path occurs (Pollister ~ ~o, 1969). Shillaber (1944) has shown that 
when al}. object is in proper medium, a dark field image or Becke line should 
not be evident. 'lhus, a proper refractive index eliminates non-specific 
light loss (Pollister, 19.52). 
Inaccuracies in micropectrophotometry may also be due to the estimation 
or nuclear volume and irregular distribution (heterogeneity) of stainable com-
ponent in the nuclei (Swift, 1950a·and b; Brachet, 1957}. A high local con-
densation as when nuclei are in meta.phase may lead to an aggregation phenome-
non such as 11metachromasy 11 (Pollister, 1952). Therefore, accuracy will be in-
creased if there is more homogeneity in distribution of chromatin as in inter-
phase nuclei. However, Omstein (1952) has shown that studies on "DNA constan 
cy 11 are theoretically free of distributional error for the most part. 
Microspectrophotometry has been used to investigate polyploidy. Ris and 
Mirsky (1949) first showed that DNA classes with a ratio of 1:2:4 occur in rat 
liver associated with diploid, tetraploid and octaploid nuclei. 
Swift (1950a) examined Tradescantia plaudosa, .I• canaliculata, !• virgin-
~ and~ mals by Feulgen microspectrophotometry. Mitotic values were 
essentially 2X, 4X, 8X, 16X and 32X the haploid (microgamete) value. 
Walker and Yates (19.52) found that DNA of living erythrocytes examined 
by the Feulgen method was in fair agreement with amounts of DNA found by 
measuring the total DNA phosphorus of counted nuclei. 
Franzer and Davidson (1953) performed a comparative study of microspec-
trophotometric results obtained from rat liver and kidney nuclei using Feul-
gen, methyl green, and ultraviolet techniques. They found_ that kidney nuclei 
\~~~-----.. -------~~-.. --=·--a.~~,!';'?;'~----·-----------------
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have about the same DNA values, whereas two values were obtained. trom liver 
nuclei: 1) those nuclei having about the same DNA values as kidney and 2) 
those }?.avi.ng a.bout·twice as much DNA as kidney. 
Vaughn and Locy (1969) cytophotometrically determined. the DNA content of 
t.11e decapod crab, filr.erita analo~. and found no difference in the absorption _ 
curve for nuelei having a full complement of nuclear histone (primary sperma-
tocytes}, those with a reduced complement (stage 6 spermatids) and those with 
a loss of all nuclear proteins (mature spermatophore sperm). Thus, it was 
confirmed that the DNA-protein ratio does not affect the !!'.! ~ quant-itative 
values for Feulgen-stained nuclei. 
Inui and Takayama (1970) performed a microspectrophotometric study of 
nuclei of cerebellum, thymus, glandular stomach, ~ver, and kidney of Syrian 
hamsters from embryo to adult. Their data shows "that there is a constancy 
in the amount of DNA content per nucleus in parallel with the number of chrom 
somes in the same animal species. 111 
These experiments yield additional proof for the validity of the Feulgen 
method. They also have established a relationship between DNA content per 
cell: nucleus and number of chromosomes. The results may be summarized as fol-
lows: 1) DNA content per cell is directly proportional to the chromosome num-
ber and 2) DNA content may vary according to ploidy and the stage of DNA re-
plication or cell division (Inui and Takayama, 1970). 
Yucrospectrophotometry and Autoradiography 
In 19.51, Reichard and Estborn performed an experiment concerned with 
the utilization of deso:xyribosides in the synthesis of polynucleotides, By 
1 
.21? ~ •• p. 290. 
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isolating isotopic thymidine (N15) from ];. ~ and injecting the isotope 
into rats, an ll15-analysis of purines and pyrimidines from DNA and RNA was 
conducted. They reported t."1.at isotopic thymidine enters into pyrimidines 
of DNA and not RNA. It was the first such report of thymine as a specific 
precursor of D;JA. 
Thymidine labeling with tritium (JiiTdR) Was first accomplished by Taylor 
~ !!!• (1957). The study was based on the premise that tritilllll would provide 
the highest possible resolution with a range of little more than one micron 
in photographic enru.lsionso In an analysis of Vicia ~ autoradiographs, they 
showed that daughter chromosomes resulting from duplication in the presence 
of labeled teymidine appeared equally and uniformly labeled. 
In 1960, Gall and Johnson made the first report on the procedure of com-
bined autoradiography (JiiTdR) and Feulgen microspectrophotometry. Investiga-
ting whether incorporation of 3iiTdR was a concomitant of DNA synthesis, they 
worked with seminal vesical epithelitim. The relative DNA values obtained from 
microspectrophotometry fell into two groups : ;L) 2C and ~) values ranging 
from 2C to 4C. Labeling was found to be proportional to the amount of DNA, 
showing that incorporation is correlated with DNA synthesis. 
Cooper~ .el• (1963) compared unlabeled and labeled leucocytes with 
microspectrophotometric values. He showed that the amount of DNA and number 
of grains are correlative. A relationship between the amount of DNA and nu-
clear area throughout the DNA S period was also observed. However, when 
nuclear area was compared with the number of grains per nucleus, no correla-
tion was found. 
In view of these studies (Gall and Johnson, 1960; a,nd Cooper,!!!!••. 
196)), the uptake of 3iiTdR is now considered Erima facie evidence for the 
duplication of D]Ao 
As a final proof, }!ak (1965) used autoradiography (3HTdR) and Feulgen 
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rnicrospectrophotoNetr;. Previously, sequential sampling was required to de-
termine relative duration of G1, S and G2 periods of cells in exponentially 
growing cultures. Mak (1965) employed the two methods so that only one samp.. 
ling wa~ necessary. He found that the frequency distribution of 3HTdR 
labeled strain-L mouse fibroblasts was influenced by the relative microspec-
trophotometric D~A content. Cell cycle duration were in agreement with these 
two methods. 
Other investigations of interest using the combined method have been 
done on leucocytes (Brehaut and Fitzgerald, l968; Cooper~~·• 1966); on 
erythroblasts (Alpen and Johnston, 1967); on stratified squamous epithelium, 
liver Kupffer and parenchymal 9ells, and epithelium of the Ileum (Lang and 
Maurer, 1965); human skin (Potter, 1970) and cells of the cerebellum, thymus, 
stoma.ch, liver and kidney (Inui and Takayama, 1970)0 The results of these 
studies have shown that polyploidy influences the degree of incorporation of 
JHTdR. 
~ r-------------~··~··--·· 
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MATI!RIALS AND MEI'HODS 
Prenaration.of Plasmo.dia 
Physarum polyceohalum. was grown in the form of microplasmodia in agitated 
cultures at 19° C according to the method of Daniel and Baldwin (1964). 
Microplasmodia were grown on 40 ml of citrate buttered medium in 500 ml Er'.'" 
leruneyer flasks in the dark. 
The formula for citrate buffered natural medium: 
Tryptone••••••••••••••••••••••••••••••• 
. Yeast extract•••••••••••••••••••••••••• 
Dextrose (anhydrous) ••••••••••••••••••• 
""KII2POu, ••••••••••• •·• •••••••••••••• • ••••• Sait solution •••••••••••••••••••••••••• 
Distilled water to a total· volume of 
The formula for salt sultion for 100 ml H2o: 
Citric acid•H2o •••••••••••••••••••••••• FeC12•4H2o .•••.•••.•••.•.••..•••....•.• MgS04•?H2o •••••••••••••••••••••••••••••. cac12·2H2o ••••••••••••••••••••••••••••• MnClz•4HzO ••••••••••••••••••• ~ ••••••••• 
ZnS04•?H2o ••••••••••••••••••••••••••••• 
10 gm 
1.5 gm 
10 gm 
2 gm 
120 lll1 
1000 ml 
67.3 mg 
1.0 mg 
10.0 mg 
10.0 mg 
1.4 mg 
o.56mg 
Mi totically synchronized surf ace plasmodia were obtained by the coales-
cence of microplasmodia as described by Guttes and Guttes (1964a). The 
procedure: 
l. Pour content of mold or 40 ml into a centrifuge 
tube, cover with alUlllinum foil, balance and cen-
trifuge for one minute. 
2. Discard the supernatant after centrifugation, add 
2 ml of distilled water to the plasmodia, and 
create a suspension by stirring gently. 
~ ~-,,,-~_., _______ ----------------------
J. With a 2 ml pipette, add l ml or the plasmodia 
to a petri dis.~ on a small circular area with 
a diameter of z.5 cm ot Whatman No. 40 filter 
paper. 
4. Wait one hour or longer until microplasmodia 
have fused and appear dry. 
5. Add 0.5 ml of 0.05% bovine or equine hemin 
to 40 ml or citrate buffered natural medium to 
serve as a vitamin source. 
6. Add 20 drops of buffered penicillin G contain-
ing 200J)OO uni ts which has been diluted with 
6 ml of distilled water. 
7. Add aproximately 35 ml of the growth medium to 
the petri dish, removing the air bubbles. 
8. Cover and leave in.the dark for growth. 
Cyt.ological Techniques 
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For morphological observation or nuclei, ethanol-fixed preparations of 
small explants were taken from the periphery .or the macroplasmodium of 
Phy5?-rwn pol.ycephalum and insp~ted under phase contrast. 
During late interphase, two large pieces of Ph.ysarum were excised from 
the periphery of the macroplasmodium and fixed in formalin (1 part formalde-
hyde to J parts distilled water) for two hours. The explants were then rinsed 
under tap water for two hours and brought through varying concentrations or 
ethanol (JO%, 40%, 5of,, 60%, 70~, 80%, and 90%) for ten minutes each. Arter 
the explants reached 90~ ethanol, they were allowed to stand in the freezer 
overnight. Approximately 16 hours later, the explants were transferred to 95~ 
ethanol for 10 minutes and then three 10 minute changes of 100% ethanol. 
The explants were then subjected to three changes of benzene (10 minutes 
each), removed, and placed in an oven at 60° C with the i?Q.tial paraplast em-
bedding media. After ten minutes, the embedding media was placed in the re-
frigerator and allowed to cool. Upon hardening, the blocks were removed, 
trimmed, and placed ·in paraplast which was heated to 60° c~ 
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After twenty minutes in the oven, the blocks were allowed to cool in the 
rerri.gerator for 30 ·minutes. The blocks were trimmed, sectioned at twenty 
micra and placed on egg album.\n coated glass slides and heated for JO seconds. 
The slides were allowed to stand overnight at room temperature. 
Approximately 16 hours later, the slides were subjected to three changes 
or :xylene (10 minutes each), three changes of 100% ethanol (10 minutes each), 
and one change or 95% ethanol (10 minutes). The slides were then rinsed 
with distilled water for 10 minutes and placed in a 1 N hydrochloric acid 
hydrolysis bath for 20 minutes. Upon completion of hydrolysis, the slides· 
were quickly rinsed with distilled water and placed in a Feu.lgen Azure-;A 
stain as developed by Swift at the University or Chicago {unpublished) for 
2.5 hours at room temperature. 
The formula for Feu.lgen Azure-A: 
Azure-A•••••••••••••··~··•••••••• 0.5 gm 
Sodium metabisulfite............. 0.5 gm 
1 N hydrochloric acid•••••••••o•• 5.0 ml 
Add Azure-A, sodium metabisulfite, and 
hydrochloric acid and add enough distilled 
water to make 50 ml. 
After staining, the slides were washed with cold running tapwater for 
15 minutes and then subjected to three changes or 95% ethanol (10 minutes 
each)• three changes or 100~ ethanol (10 minutes each) and three changes of 
Jcy'lene (10 minutes each). The slides were then embedded with balsam, cover-
slipped and allowed to harden overnight. 
Microspectrophotometr,y 
When the slides were ready to be analyzed photometrical:cy, they were 
immersed in :xylene. After the slides were free or balsam, they were then 
r-- __ , __ _... ______ ...__. __ . ______ .._,k ________ __, _____ ., ______ _ 
-----~-· ... 
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coverslipped. using a 1.556 Index of Refraction Liquid. 
Under oil :lmmersion, ~me nucleus of fhysarwn was selected to test for 
absorption maxima. All measurements were taken with tnicrospectrophotometric 
equipment in the laboratory of Dr. Hewson Swif't at the University ot Chicago. 
Essentially, monochromatic light (I) was isolated with a Beckman spectrophoto-
meter at a monochromaor slitwidth of ol5. The microscope image of the nucleus 
xlOOO was projected on a field diaphragm and the area of nuclear image was 
permitted to fall on a phototube. A pair or readings through specimen (I
5
) 
and background (I
0
) was taken together at each wavelength (Table l) with_ a 
field diaphragm plug of 4 to yield an absorption curve (Figure l) by plotting 
extinction (E) or optical density as the ordinate and wavelength as the ab-
scissa. 
Light transmitted by the specimen (IsfI
0
) is the transmission (T). The 
transmission, as defined by Hiskey in 1955, is a reciprocal logarithmic 
function of the number of absorbing molecules· in the light path. Thus, the 
extinction or optical density is defined as: . 
E= log101/T= log10 I 0 /I5 
From the absorption curve (Figure 1), it was decided that the Feulgen 
Azure-A stained nuclei of Physarum would be measured at a wavelength of 
590 mJ(with a monochromator slitwidth of .15. 
107 nuclei were chosen at random from the late interphase slide of 
Physarum. Microspectrophotometric values, I and I (Table Two), were ob-
s 0 
tained for the nuclei using a field diaphragm plug of J. To find the total 
absorbing material ~M) of the nuclei, the nuclei were treated as disks accord-
ing to the method of Korson (1951). Two radii values (Table TwO) for each 
~ r .... ,-------------------------,--·--~-~~--~-~.----.-¥.,. 
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I,· nucleus were obtain~d by measuring extremes or the disk. The amount ot ab-
. sorbing material (M) is calculated as M=EA where A may be expressed a·s area 
of nucl.ear profile, piR2, ·Or as R2 wi t."1 omission of the constant, pi.. Omis-
sion of pi in final calculA tions of M values was decided in order to obtain 
more corr..rnonzy relative values (Pollister, Swift, and Rasch, 1969)., 
Using the data from Table Two, a DNA histogram of the 107 nuclei was· con-
structed. (Figure Two); the number of nuclei was plotted as the ordinate and 
the M values were plotted as the absissa. In order to yield further evidence 
for the presence or those nuclei With M values higher than.12, an additional 
23 nuclei were measured non-randomly. Thus, these nuclei were chosen particu-
larly for large radii values and a visible'increase in staining intensity. 
The M values of these nuclei (Table Two) were. then added to the DNA value his 
ogram (Figure Two). 
Microspectrophotometry and AutOradiograph.y 
Mitotically synchronized plasmodia were obtained as described in Prep.. 
aration of Plasmodia. Five hours after mitosis, the plasmodia were incubated 
in growth medium containing 5 ;(c/ml of thyplidine-HJ (Schwarz Bio Research, 
Inc., Orangeburg, N.Y., specific activity, O.J6 c/mr.ritJle) for a period of 30 
minutes. 
Proceeding incubation With thymidine-H3, a number of pieces were fixed as 
smear preparations on coverslips (Guttes and Guttes, 1964a) in formalin (l 
part formaldehyde to 3 parts distilled water) for two hours. The slides were 
then postfixed and stored in 95% ethanol. Some of the smear preparations were 
used for immediate autoradiography and others were used for Feulgen Azure-A 
staining. 
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Those slides used for immediate autoradiography were processeid with 
Kodak AR.-10 stripping film (Pollister, .1969), stored in the dark at ti.° C for 
two weeks and developed with Kodak D-19 developer (10 minutes at 200 C). The 
slides were then rinsed for JO seconds at 21° C in distilled water, fixed in 
Kodak "Rapid Fixer" for 5 minutes, and washed in running tapwater for 15 min-
. utes. The autoradiographs were then subjected to three changes of 95% ethanol 
(10 minutes each), three changes of 100% ethanol (10 minutes each) and three 
changes of Jcylene (10 minutes each). The slides were then embedded with bal-
sam, coverslipped and allowed to harden overnight. A representative slide. 
was examined to determine percentage of labeled nuclei and the degree of in.-
corporation of thymidine-HJ. 
Those slides set aside for microspectrophotometry were stained according 
to the procedure in Cytological Techniques with the exception that the slides 
were placed in a 1 N hydrochloric acid hydrolysis bath for 15 minutes. 71 
nuclei were chosen at random from one late interphase slide and microspectro-
photometric values were obtained for the nuclei (Table Three). Positions 
of the nuclei on the slide were noted using an etched micro slide from 
Fdmund Scientific Co. The nuclei were then refound with a Zeiss Photomicro-
scope. Photomicrographs were made on KB 14 film at a magnification or 400x 
with an interference filter green. The slide was then processed for auto. 
radiography as described above, stored in the dark at 4° C for four weeks 
in order to insure nearly max::i.m:wn grain label. The slide was then developed, 
rinsed, fixed and washed as .described above. 
The nuclei 'Whose microspectrophotometric values were obtained (Table 
Three) were refound with the etched.microslide on the Zeiss Photomicroscope. 
r------------------------------2-2 ___ ,l 
Silver grains were counted over each nucleus (Table Three) and correlated. 
with staining intensity. Photemicrographs or the nuclei were made on KB 14 
film at a m~enification of 400x with an interference filter green. 
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RESULTS 
Stugy I: Vdcrosnectrophotometz:y 
One nucleus of Physarum (unlabeled, late interphase) was selected to 
test for absorption maxima. A pair of readings through specimen (I
5
) and 
background (I
0
) was taken together at each wavelength (Table One) with a field 
diaphragm plug of 4 to yield an absorption curve (Figure One) by plotting ex-
tinction (E) or optical density as the ordinate and wavelength as the ab&cl..:s:sa.. 
In accord with the findings of DeLameter (1951) and Pollister (1952), it was 
decided that the Feulgen Azur~A stained nuclei of Physarum would be measured 
at a wavelength of 590 m.A( with a monochromator slitwidth of .15. 
107 nuclei were chosen from an unlabeled late interphase slide and micro-
spectrophotometric values were obtained (Table Two) using a field diaphragm 
plug of 3. Relative values of DNA ranged from 2.39 to 25.87 (Table Two). 
Using the data obtained (Table Two), a DNA histogram of the 107 nuclei was 
constructed (Figure Two, opaque)o The number of nuclei was plotted as the or-
dinate and the M values were plotted as the abscissa. An additional 23 nuclei 
were measured non-randomly (Table Two) in order to yield further evidence for 
the presence of those nuclei with M values greater than 12. The M values of 
these nuclei (Table Two) were then added to the relative DUA value histogram 
(Figure Two, shaded·). 
As shown in Figure Two, the values fall mainly into what appears to.be 
~· r""'·---------------------·--.. ~ r r 
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a bimodal distribution,(values ranging from 2 to 6 and 6 to 10). The spread 
of v-alues is similar to that .usually obtained from nuclei where po]Jrploidy 
is present (Ris and }:ir.sky, 1949; Swift, 19.50a and b; Franzer and Davidson, 
19.53; Inui and Takayama, 1970; and Petter, 1970). A more detailed examination1 
will be given in the Discussion. 
The data recorded in the histogram was interpreted to mean that poly-
ploidy does exist within this particular strain of Ph.ysarum in var,ving de-
grees. Thus, these qualitative results serv'f3Ci as a guideline for the inter-· 
pretation of qualitative and quantitative results obtained in Study II.· 
Study II: Microspectrophotometr;r and AutoradiograEhY 
71 nuclei were chosen from a labeled ( JHTdR) late interphase slide and 
microspectrophotometric values were obtained using a field diaphragm of 2.4 
(Table Three). Representative nuclei are shown in Figures Ja, 4a, .5a, and 6a. 
Relative values of DNA ranged from 2.39 (Nucleus No. 51) to lJ.51 (Nucleus 
No. 6, Figure Ja). As in Study I, the spread of values is similar to that 
obtained from nuclei where polyploidy is present. However, it should be 
noted that the relative amounts of DNA in Study I and Study II are interex-
perimental values. That is, those values obtained in Study II cannot be 
added to the DNA histogram of Study I since they were stained separately.and 
measured at different field diaphragm plugs. 
An autoradiograph of the JiiTdR-labeled late interphase slide was made. 
'!he high background in the autoradiograph ~s due to mitochondrial DNA 
(Guttes and Guttes, 1964a; Guttes et al., 1967). The DNA carmot be expected 
--
to be localized in 'the mitochondria because the technique of fixation is not 
suited for optimal preservation of mitochondria. Therefore, it was nece·ssary 
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to determine the number of grains in a number of non.-nucleated areas (a total 
of 10,000 .i/ 2). In_ this total area (10,000 Af 2), 2,860 grains were found and 
background radiation was calculated as .286 grains per 1"j 2• 
All 71 nuclei were labeled and the grains over the nuclei were counted. 
The grains over an area not exceeding the nuclear periphery by more than 1""1 
were count.ed (Table Three) (Taylor ,tl &·, 19.57). F.a.ch nuclear area was 
measured in terms of }( 2 and the 11 -zone was added (Table Three). For each 
measured nucleus, the number of grains that are to be expected as background 
was computed by nmltiplying the background for l.Jj 2 (.286) by the ."'(2-size 
of each nucleus (Table Three). The corrected grain count was then obtained 
by subtracting the background number ;erom the total number of grains original-
ly found (Table Three). The number of silver grains per nucleus ranged from 
' Jo6~(Nucleus No. 2, Figure Jb) to 19.9 (Nucleus No. 6, Figure Jb). An average 
of 9.4 grains per nucleus was found. 
TABLE ONE 
WAVELElmTH I I E 
s 0 
500 28.5 43.8 .187 
525 32.2 63.7 .296 
550 26.3 75o2 .456 
575 21.2 76.0 .554 
600 12.8 49.2 .585 
625 6.9 21.6 .496 
650 4.7 11.5 .389 
500 28.J 4J.6 .188 
510 JOol si.o .229. 
.530 30.5 66 • .5 .338 
5~.5 31.0 . 63.2 .309 
Plug=4; Di.ameter=4.4x4.2. 
I =Intensity of incident or background light•· 
0 
I
5
= Intensity of incident beam reduced by passing 
through the specimen. 
E = Optical density (extinction). 
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TABLE TWO, continued 
I Radii I Io E M s 
I J.8xJ.6 37.8 79.2 .322. 4.40 ).4xJ.2 34.5 8J.l .382 4.16 ~ 
I J.6xJ.4 39.5 80.2 ~308 J.77 
J.6xJ.4 36.J 81.8 • '.l52 4.Jl 
J.4xJ.2 39.0 87.5 .352 J.83 
J.4xJ.2 42.0 82.4 .292 3.18 
J.2x).2 J2.2 83.5 ~414 4.24 
J.Ox3.0 J8.8 84.9 .34-0 J.06 
J.4xJ.O 43.2 74.o .234 2.39 
3.4x3.2 )4.3 70.2 .JlO J.37 
J.2x3.0 27.2 72.4 .425 4.08 
5.ox4.8 . 16.o 76.2 .678 16.27 
4.0x3.6 15 • .5 87.4 .7.51 10.81 
4.6x4.0 14.8 87.0 .769 14.1.5 
5.oxs.o 12.l 88.2 .863 21 • .58 
J.4x3.2 26.8 82.4 .488 .5.Jl 
4.0x4.0 44.o 86.2 .292 4.67 
J.8xJ.8 24.7 76.6 .491 7.09 
3.8x3.8 43.5 78.2 .255 J.68 
J.8x3.8 45.0 84.8 . • 275 J.97 
J.4x3.4 41.2 81.0 .294 J.40 
4.2x4.2 29.4 77.8 .423 7.4.5 
J.6x3.6 38.8 84.2 .336. 4.J.5 
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TABLE TWO, continµed 
Radii Is I E M 0 
J.6xJ.6 26.2 76.8 .467 6.05 
J.8xJ.8 24.2 76.5 • .500 7.22 
3.6xJ.6 2,5.8 78.5 .48J 6.26 
3.8xJ.8 25.2 75.3 .475 6.86 
4.2x4.2 29.4 74.5 .404 7.13 
4.4x4.2 16.o 78.5 .691 12.77 
4.0xJ.8 21.2 75.8 .• 553 8.41 
J.6xJ.4 21.0 74.2 o.548 6.71 
J.8xJ.8 28.o 76.0 .434 6.27 
4.8x4.6 10.,5 78.2 .872 19.2.5 
J.6xJ.6 19.8 80.0 .6o6 7.85 
4.zx3.8 23.8 80.,5 .529 8.44 
4.0x3.8 24.6 75.6 .488 7.52 
4.ox4.o 24.6 75.2 .485 7.76 
4.2x4.2 16.5 ·79.0 .680 12.00 
3.6x3.6 29.8 79.0 .424 s.so 
Nonrandom selection 
,5.0x4.8 13.8 90.2 .816 19 • .58 
,5.ox4.6 1,5.0 92.8 .792 18.22 
4.4x4.2 16.2 90.0 .741 lJ.69 
4.0x4.0 22.8 87.8 .,586 9.38 
,5.0x4.8 16.o 95.6 .776 18.62 
\ 
' 4.8x4.8 13.7 88.6 .810 18.66 
5.zx5.o 1,5.0 86.8 .763 19.84 
,,.. 
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TABLE TWO, continued 
Nor.rando::i selection, continued 
'Radii I Io E M s 
4.4x4.4 16o4 90.0 .740 14.JJ 
4.6x4.4 12.8 89.4 .844 17.08 
4.8x4.6 23.4 87.0 .570 12.59 
.5.0x.5.0 17.2 87.6 .707 17.68 
!: 5.ox5.o 26.2 87.0 .521 lJ.03 
h 
i4.8x4.4 37.0 92.6 .399. 8.43 
28.0 87.8 .496 9.60 ~4.4x4.4 t ! 4.4x4.4 20.0 91.2 .659 12.76 I 5.0x4.8 16.8 87.8 .718 17.23 
17.2 85.2 .695 l7.J7 15.ox5.o 
~ 
.652 4.8x4.8 19.8 88.8 15.02 
4.8x4.6 14.8 87.0 .769 16.98 
4.2x4.2 29.0 89.8 .491 8.66 
4.2x4.2 25.0 80.8 .510 9.00 
4.6x4.6 1.5.2 77.2 .706 14.94 
.5.2x5.o 20.2 76.8 .580 1,5.08 
I 
I 
'--~------r-..\ 
TABLE THREE 
NUCLEUS RADII ·rs Io E M fi2-SIZE OF TOTAL NO. BACKGROUND CORitECTED NO. NUCLEUS GRAD~S GRAIN COUNT 
1 3.6x4.0 28.2 76.7 .435 6.26 13.26 13 3.8 9.2 
2 J.2xJ.6 24.6 76.4 .492 5.67 ll.86 7 3.4 ~.6 
J. 3.8x4.o 23.2 74.7 .508 7.72 13.63 13 3.9 9.1 
4 3.6xJ.8 27.3 82.5 .481 6.58 12.91 10 J.7 6.J 
5 3.6xJ.8 25.2 79.6 .500 6.84 12.91 9 3.7 5.3 
6 4.0x4.2 14.2 90.4 .804 13.51 14.J7 24 4.1 i9.9 
7 3.8x4.0 20.J 73.5 .559 8.50 lJ.63 11 3.9 7.1 
8 3.6x3.8 2J.8 74.6 .496 6.79 12.91 12 3.7 8.3 
9 3.6x3.8 24.2 79.5 .517 7.07 12.91 14 J.7 10.J 
10 3.4x3.4 24.3 75.6 .493 5.70 11.87 9 J.4 5.6 
ll 2.4x2.8 25. 2 \ 78.0 .491 3.30 9.30. 10 2.7 7.3 
12 3.6x3.8 16.3 87.4 .729 9.97 12.91 ll 3.7 7.3 
l.?~ 3.4x3.6 19.8 82.0 .617 7.55 12.91 13 3.7 9.3 
r-. c 14 4Z. 3.4x3.8 28.6 73.2 .408 5.27 12.55 ll J.6 7.4 Zr ID. 
~ ~.5 -i J.6xJ.6 2,5.4. 72.4 .455 5.90 12.55 14 3.6 io.4 · 
:u ~ 0 19.6 79.8 .610 4.78 9.92 ll 2.8 8.2 ~ .):lo6 ~ 2.8x2.8 
I 
VJ 
VJ 
-< 17 ,,, J.8x4.0 20.2 73.2 .559 · a.50 1J.6J 10 J.9 6.1 C:J~ 
NUCLEUS RADII Is I E M . .At2-SIZE oF TOTAL NO. BACKGROUND CORRECTED I NO. 0 NUCLEUS GRAINS GRAIN com~T 
18 3.4xJ.4 25.6 73.0 .455 5.26 ll.87 ll 3.4 7.6 
19 2.8xJ.O 25.4 78.5 .490 4.12 10.23 14 2.9 11.2 
20 3.6x3.8 24.8 74.8 .479 6.55 12.91 8 3.7 4.3 
21. 3.2x3.2 23.0 74.2 • .509 5.21 u.20 15 3.2 11.8 
22 4.0x4.2 16.2 93.4 .761 12.78 14.37 23 4.1 18.9 
23 J.OxJ.O 24.8 70.2 .452 4.07 10.56 10 3.0 7.0 
24 J.0x3.o 24.6 76.4 .492 4.43 10.56 12 3.0 9.0 
25 2.8xJ.O 22.6 78.7 .542 4.55 10.23 13 2.9 10.l 
26 3.4x3.8 21.8 76.4 .545 7.04 12.55 ll 3.6 7.4 
27 J.2xJ.4 23.2 75.3 .511 5.56 n.53 12 ) 3.3 8.7 
28 3.0x3.2 22.6 77.5 .535 5.14 10.87 14 J.l 10.9 
29 J.2x3.4 22.4 79.8 .552 6.01 11.53 11 3.3 7.7 
JO J.2x3.6 24.8 76.0 .486 5.60 ll.86 14 J.4 10.6 
31 3.2x3.2 25.1 79.5 .501 5.13 u.20 12 3 .. 2 8.8 
32 3.2x3.6 23.8 70.2 .470 5.41 11.86 14 J.4 10.6 
33 3.0xJ.2 21.3 77.5 • 561 5.39 10.87 10 3.1 . 6.9 . 
34 3.4x3.6 23.2 77.2 .522 6.39 12.21 12 3.5 8.5 ~1 35 J.4x3.6 20.a 74.8 .556 6.81 12.21 15 3.5 11.5 
./ . , 
,T.l!':l"'J'...i<'h"'~~~I,....,, 
NUCLEUS RADI.I Is I E M 42-SIZE OF TOTAL NO. BACKGROmm CORRECTED i 
no. 0 NUCLEUS GRAINS GRAIN COUNT ; 
' ~ 
31; J.2x4.o 17.4 73.2 .624 7.99 12.52 10 306 6.4 i I 
37 J.2x3.4 .774 12 3.3 8.7 ! 15.2 90.4 8.42 11.53 
I J8 J.6x4.o 1706 77.0 .641 9.23 lJ.26 14 J.8 10.2 39 2.8xJ.2 2).4 65.4 446 ' 4.oo 10.54 15 J.O l2.0 . ' 
40 2.6x2.6 24.8 68.6 .442 2.99 9.32 18 2.7 15.3 
41 2.8x3.2 25.4 70.4 .44J 3.97 10.54 12 3.0 9.0 
42 J.Ox3.2 25.6 71.2 .444 4.26 10.87 14 J.l 10.9 
43 2.6xJ.4 27.8 73.4 .422 3.73 10.81 9 J.l .509 
44 2.8x2.a 31.9 71.6 
.351 2.75 9.92 10 2.8 7.2 
45 ;.6x5.B 29.7 74.o 
.397 12.89 20.96 13 6.o 7.0 
46 J.4x3.4 25.8 75.6 
.467 5.40 U.87 13 J.4 9.6 
47 2.8x2.8 23.9 76.0 
.502 3.94 9.92 12 2.8 9.2 
48 J.OxJ.6 24.2 7.5o4 
.494 5.34 11.51 11 3.3 7.7 
49 J.Ox).O 24.o 70.0 
.465 4.19 10.,56 15 J.O 12.0 
50 2.8xJ.2 23.8 68.4 
.458 4.10 10.54 13 J.O 10.0 
51 2.4x2.6 28.6 69.0 
.)BJ 2.39 9.61 15 2.7 ' 12.~ 
52 2.8xJ.2 30.~ 78.5 .412 3.69 10 • .54 15 3.0 12.J 
53 J.OxJ.8 25.6 72.4 
.451 5.14 11.84 11 J.4 7.6 ~, 
.54 J.OxJ.8 20.4 89.8 644 16 3.4 12.6 ! 
-
, 
NUCLEIJS RADII Is Io E M ..1f2-SIZE OF TOTAL NO. BACKGROUND CORRECTED NO. NUCLElJS GRAINS GRAIN COUNT 
55 J.4xJ.6 25.7 78.0 .482 5.90 12.21 lJ 3.5 9.5 
56 2.6xJ.4 24.J 76.2 .496 4.38 10.52 13 3.0 10.0 
57 2.6xJ.O 24.8 83.5 .527 4.ll 9.92 14 2.8 ll.2 
58 2.6xJ.8 21.2 90.6 .6Jl 8.63 12.91 15 3.7 ll.3 
59 3.6x4.0 20.9 90.2 .635 9.14 13.26 17 3.8 13.2 
60 2.8x3.0 23.2 74.6 .507 4.26 10.2.'.3 16 2.9 lJ.l 
61. J.4x3.8 25.2 83.2 .519 6.71 12.55 . 1.3 3.6 9.4 
62 J.6x4.o 15.2 94.8 .795 11.45 lJ.26 15 3.8 ll.2 
63 3.zx3.6 16.l 89.4 .745 8.58 11.86 7 J.4 J.6 
64 4.0x4.2 23.0 75.0 .513 8.6? 14.37 22 4.1 17.9 
65 J.4xJ.8 22.8 74.~ .516 6.67 12.,55 12 3.6 8.4 
66 3.4x3.6 23.3 79.8 .535 6.55 12.21 12 3o.5 8.5 
67 3.4xJ.6 22.6 78.4 • .540 6.61 12.21 15 3.5 11.5 
68 J.4xJ.6 23.2 76.8 .520 6.36 12.21 12 3.5 8.5 
69 3.zx3.2 25.0 79.0 .;oo 5.12 11.20 12 3.2 8.8 
70 3.6x4.0 2).i,. 7 76.4 .490 7.06 lJ.26 12 3.8 8.2 I 71 2.8xJ.O 23.8 75.6 .502 4.22 10.23 8 2.9 5.1 ~i 
' 
A> 
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DISCUSSION 
Based upon this investigation, I hope to resolve these four questions in 
the following discussion: 1) Does polyploidy exist within this strain of 
Physarum polycephalum? 2) Does DNA synthesis occur during the G2-phase in 
Ph.ysarum? 3) Does ploidy within Physarum ii'lfluence the degree of incorporati-
on of 3iiTdR during the G2-phase? and 4) Is nuclea:r;' volume an indication of 
chromosomal ploidy in Ph.ysarum? 
As mentioned in Results, the values in Figure Two fall mainly into what 
appears to be a bimodal distribution. In a cell culture dividing asynchron-
ously, a bimodal distribution would be normal. The two modes would represent 
pre-synthetic (G1) nuclei and post-synthetic (G2) nuclei plus nuclei under-
going mitosis (Potter, 19'70)o However, in the case of Physarmn po]ycephalum 
division is synchronous (Howard, 1932; Gu:ttes ~ !l• • 1961; and Braun~ !l·, · 
1965). The nuclei measured were in late interphase and most nuclei were as-
sumed to be post-synthetic (G2) nuclei (Braun ~ !1•, 1965). Since the spread 
of values (Figure Two) is similar to that usually obtained where polyploidy 
is present (Swift, 1950a and b), it was concluded that polyploidy did exist 
within this particular strain of Physarum. 
In a mathematical examination of the M values (Table Two; Figure Two), 
DNA values from the first mode (values between 2 and 6; Class A) were compared 
. 
to values from the second mode (values between 6 and 10:. Class B). Means 
of J.86 and 7.70 were obtained from Class A and Class B nuclei, respectively. 
i,·-<"l''l~~~.'~:-.------·--·-·-··-·11'------- ----------------------1 ,. 
)8 
A mean numerical ratio of 1 (Class A) : 1.99 ~lass B) is obtained. This 
corresponds to the criterion of a 1:2 ratio as given by Pollister et al. 
--
' ( 19.69) for micro.spectr-0photometry o 
If a value of 6 is considered the upper limit of the 2C Class (69/107 
nuclei), then it rr,;:;.y be considered that Class B (24/107) nuclei have a rela-
tive DNA content of 4C. This would place them in a tetraploid state. If' this 
assumption is correct, then Class C nuclei (M values greater than 10; 14/107 
nuclei) have a relative DNA content greater than 4C and are in varying degre.es 
of'· .. polyploidy o 
This may be considered only speculation if one is to compare this study 
with one performed by Ross (1966). Ross reported chromosome number for one 
strain of Physarum I?Ol~cephalum as 14; 20±2; 40±2; 50±2; 70±2; 90,:!:2; and 
180±10. Therefore, it may not be sufficient to say that microspectrophoto-
metric data revealed only Class A (2C), Class B (4C) and Class C (greater than 
4C) nuclei. It is quite possible that smaller modes are merged ~thin the 
bimodal distribution (Figure Two), corresponding to the wide range of' chromo-
. -
some number reported by Ross (1966). Thus, the data recorded in this histo-
gram may only be interpreted to mean that polyploidy does exist within this 
particular strain of Physarum. 
In turning to the Feulgen measurements of the radioactive nuclei (Table 
Three), a wide range of values similar to that of the unlabeled nuclei is 
found. Representative nuclei are shown in Figures 3a, 4a, Sa, and 6a. The 
nuclei fall into the following M value ranges: 2-3 ('J/71 nuclei); J-4 (5/71 
nuclei); 4-5 (13/71 nuclei); 5-6 (17/71 nuclei); 6-7 (lJ/71 nuclei); 7-8 
. 
(7/71 nuclei); 8-9 (6/71 nuclei); 9-10 (3/71 nuclei); and greater than 11 
(4/71 nuclei). 
Upon cursory examination of this data, one might think that the values 
fall i~to a unimodal distribution. However, the spread of values is not con-
sistentwith the criterion for a uni~odal distribution in that approximate'.cy" 
two-thi.rds of the values do not fall within 10 per cent of the mean (Pollister. 
i1, il•, 1969) From th:e Feulgen measurements on the radioactive nuclei: a mean 
of 6.22,- a median of 5.37 and a modal interval of 5-6 are obtained.. In com-
paring arithmetic means from the sniallest and greatest intervals (2-J and 
greater than 11) with the overall arithmetic mean (6.22), values were found 
to deviate as much as 204% for the smallest interval and 229~ for the greatest 
interval. This data substantiated the evidence for ploidy within this strain 
of Ph;y:sarum as shown in the nonradioactive study. 
DNA syn~esis does occur within Physarum during the:G2-phase as indicated 
by incorporation of %TdR in this study (Table Three). An average of 9.4 
grains per/nucleus was found. This appears to be in agreement with recent 
reports by Braun and Evans (1969), Holt and Gurney (1969), Guttes and Guttes 
(1969) and Lammert (1969). 
Holt and Gurney (1969) reported a low, variable level of %TdR incorpora-
tion into a principal, nuclear DNA component during the G -phase. This com-
2 • 
ponent was found within a higher density fraction (1.706 g/cc) than princi-
pal DNA (1.700 g/cc). 
Braun and Evans (1969) also reported. that ~TdR is.incorporated into a 
nuclear satellite DNA which is of a higher density (l.714 g/cc) than principal 
DNA. Replication of this satellite DNA was shown to occur at a constant rate 
throughout the whole mitotic cycle, including the G2-phase~ 
·~.tr''""l..-,,,, __ ,.,,.._......l 
Lammert (1969) and Guttes and Guttes (1969) have inirestigated· '3i!T: in- I 
corporation into nuclear DNA by means or autoradiography. They also found . ., ! 
that JrtTdR incorporation occurs during the G2-phase and that t.'1-ie silver grains f 
exhibited a spatial relationship to the nucleolus. I 
! 
Since this investigation has shown that polyploidy does exist within this l 
I 
particular strain of Ph:vsarum, I now turn to a discussion or whether ploidy 
may influence the degree of 3irTdR incorporation during the G2 period. Exam-
ination of the autoradiograph or the radioactive nuclei (represented in Fig-
. 3 
ures Jb,4b, .5b, and 6b) shows that a general progressive increase in HT~ 
incorporation in the nuclei with the greater relative content or DNA does not 
occur. Average silver grains per nucleus (G/N) for M value ranges are as fol-
lows: 2-)M, 11.6 G/N; )-4M, 8.7 G/N; 4-.5M 10.0 G/N; .5-6M, 8.6 G/N; 6-7M, 
8.3 G/N; 7-BM, 9.0 G/N; 8-9M, 9.1 G/N; 9-10, 10.2 G/N; and greater than llM, 
14.3 G/No 
The only noticeable increase in JHTdR incorporation occurred within a few 
of the nuclei with M values greater than 11 (Table Three, Nuclei No. 6 and 
22). These nuclei may correspond to a small percentage .(less than 0.5~) or 
/ 
nuclei described by Guttes and Guttes (1969a) as above average in size, heavi-
ly labeled in G2, and "polyploid. 
11 It should also be noted that Koevenig 
and Jackson (1966) described a small percentage of larger nuclei (~) as 
polyploid nuclei which have delayed in division. The delay in division would 
indicate that DNA synthesis may still be occurring and that the 11polyploid 
nuclei 11 may be. comparable to the polyploid nuclei described by Guttes and 
Guttes (1969a). However, variation in this study is shown by Nuclei No. 45, 
62, and 64 (Table Three). 
In general, variability may be due to: 1) th~ standard deviation of the 
41 
grain count, 2) photometric e.rrors, J) variability in the number of electrons 
reaching the emulsion and 4) a fair amount of subjectivity in grain counting 
(Gall and Johnson, 1960). Most of the cytoplasmic radiation evident in 
Figures Jb, 4b, SC>, and 6b is due to mitochondrial DNA (Guttes and Guttes, 
1964a; Guttes et al., 1967). 
--
La~g and Maurer (1965) found that the best results are obtained for 
autoradiography when hydrolysis time is lirrrl.ted to a few minutes. However, 
a substantially longer time is needed for optimal intensity ?f Feulgen stain. 
They estimated. that grain loss at the point of optimal intensity is around. 
18~ and a slightly heavier grain loss occurred when the tissue was rinsed 
after hydrolysis. Therefore, INA synthesis per nucleus in Physarum might be 
slightly greater than evidence by 3JITdR incorporation in this study. 
Polyploidy has been shown to infiuence the deeree of incorporation of 
3HTdR in mouse seminal vesicle epithelium (Gall and Johnson, 1960), human 
leucocytes (Cooper~ !Jo., 1963; 1966; Brehaut and Fitzgerald, 1968), mouse 
fibroblasts (Mak, 1965), stratified. squamous epitheliU111, liver Kupffer and 
parenchymal cells, and epithelium of the Ileum (Lang and Maurer, 1965), ery. 
throblasts (Alpen and Johnson; 196?), human skin {Potter, 1970) and cells of 
the cerebellum, thymus, stomach, liver and kidney (Inui and Takayama, 1970). 
Therefore, if the nuclei of Physarum exhibit ploidy and the last "rounds 
of replication" of chromosomal DNA for the polyploid nuclei occur later than 
the same "rounds of replication" for diploid nuclei, then this would be eVi.-, 
denced by a proportimality between relative DNA content and degree of JiiTdR-
incorporation (Cameron and Stone, 1964). Since the degree or incorporation is 
not proportional to the amount· of nuclear DN/l. in Physarum, it appears that the 
nuclei were at approximately the same stage of mitosis, presumably the G2. 
Those nuclei (Table Two, M values greater than 10; Table Three, Nuclei No. 
6 and 22) comparable to the 0.5% 11polyploid nuclei" described. by Guttes and 
Guttes (1969a) and the 4% 11polyploid nucleitt described. by Koevenig and Jackson 
(1966) may be an exception since their DNA content is so great. 
It is also possible that the increased grain count of these highly poly-
ploid nuclei is· directly related to the nuclear satellite DNA reported by 
Braun and Evans (1969) and Holt and Gurney (1969). The results of Guttes and 
Guttes (1969) and Lammert (1969) also lend credibility to this hypothesis ~· · 
since they have reported the replication of nucleolus-associated DNA during 
the a2 phase. If' there is an increase in the number of nucleoli in the poly-
ploid nuclei (Koevenig and Jackson, 1966), there may be a corresponding in-
crease in nucleolus-associated mA; 
Thus, it appears that polyploidy within ljl.y;sarum does not influence the 
degree of JriTdR incorporation during the a2 phase except perhaps in the case 
of highly polyploid nuclei. Possible explanations for these phenomenon will 
now be discussed. 
Conflicting reports have been given regarding how DNA content (degree 
of ploidy) affects the S (synthetic) period. 
Cameron and Stone (1964) have reported that the duration or the S period 
in a variety of nuclei of different DNA contents is almost constant. Data 
obta~ed for JHTdR-autoradiography and Feulgen microspeotrophotometry support 
the hypothesis that the macronuolei of three different ·strains or Tetra.hymena 
pyri.formi s contain mu1 tiples of genomic sets and each set replicated. in syn.. 
chrony, regardless of the amount of nuclear DNA. 
Troy and Wimber (1968) have also found a relatively constant S period 
l~or root tip cells of diploid and autotetraploid plants of Trad::::· -1 
,galudo~, ,!N'copersicum esculentum, Ornthof!alum virens, Ehrharta e:recta., 
Lycop~rsicum esculentinn cv San Marzano and diploid, triploid and tetraploid 
Tul.baehia viol~cea. Autoradiographic results from Tulbarhia violacea clones 
11are in support .of the general findings of' this study that higher ploidy 
levels of a species synthesize at a greater rate and probably do not require 
time to synthesize more DUA. 111 
Van1t Hof' (1965) has studied the relationship between the average mitotic 
cycle duration and the S period duration of Crepis capillaris, Impatiens 
balsamina, Lycopersicum esculentum, Allium fistulosum, Allium .£2, Trades-
cantia paludosa, and Allium tuberso5u.1!1• Van 1t Hof 1s autoradiographic (3iiTdR) 
and microspectrophotometric data indicate that the average mitotic cycle dura-
tion and the S period duration are linearly related to the nuclear INA con-
tent. 11The plant cells with the least DNA, the shortest S period, and the 
2 
shortest cycle time al.so had the lowest average rate of WA synthesis. 11 
These findings are in agreement with tho~e of Van 1t _Hof and Sparrow (1963 
on the rate of DNA synthesis in Helianthus annus, Pisum sativum, Vicia ~. 
Tulipa Kaufma.nniana, and Trillium erectum and those of Alfert and Das (1969) 
on the rates of DNA synthesis in diploid and autotetraploid snapdragen, 
Antirrhinium majus, and regenerating mouse liver cells. 
Van't Hof (1965) showed that the relationship between the DNA content 
per cell and the mitotic cycle duration as measured with tritiated thymidine 
or colchicine agreed. In order to explain the contradiction that the induc-
tion of tetraploidy by colchicine should have increased the cell cycle time, 
(1965) proposed that the formation of a sma.11.tetraploid pop~~tion 
1=:·-s_su_e __ c_a_u_s_e_s_th_e-co_n_f_o_rma--t~io_n_o_f-th_e_t_e_t_r-ap_l_o_i_d_s_. -t·o-di-. _p_l_o 44 ... id---~7 
kinetics for the first few mi to tic cycles. This proposition is in agreement 
with the observations made by Hauschka ~ !!• (1957) on diploid and tetraploid 
Ehrlich ascites tumor cellso 
Opposing views on the relationship between D.NA content and the mitotic I 
cycle duration may have arisen from; 1) technical inaccuracies, 2) environ-
mental differences, and J) differences in species• temporal requirements for 
mA synthesis (Troy and Wimber, 1968). Van 1t Hof (1965) and Troy and Wimber 
(1968) both used ljycopersicum esculentum and the results they obtained were 
different. It is possible that the discrepancies were due to the fact that 
Van1 t Hof (1965) used germinating seeds and Troy and Wimber (1968) used photo-
synthesizing plants. 
In view: of Van1t Hof 1s study (1965), the "Class B11 nuclei of Physarum 
may also conform to diploid kinetics in the first few mitotic cycles. What 
I have termed "Class 011 nuclei may be an exception., Since their DNA content 
is so great, the S period may be slightly prolonged. However, a conformation 
of 11highly polyploid11 nuclei to diploid kinetics may be variable as shown by 
comparing M values of Nuclei No. 45 and 62 (Table Three) and grain count. 
Although a singular instance, it should also be noted that Nucleus No. 64 
(Table Three), which has a relatively lower DNA content, seems to conform to 
11highly polyploid11 kinetics. Further work should be conducted on the obser-
vance of the Class B and Class C nuclei in succeeding generations as to which 
type of kinetics the different classes follow. 
Next, I turn tq a discussion of whether nuclear volume may be an indica-
tion of chromosomal ploidy in Ph.ysarum. Nuclear volume as an· indication of 
"'""'~-•!!& .... ______ . 
----------------··> ....... ----·---.-~ .. 
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chromosomal ploidy was first suggested by Jacobj (1925). This concept has 
been supported by Swift (1950a), Pogo !1 &·, (1960), Van 't Hof and Sparrow 
(1963).and Alfert and Das (1969). 
·Nuclear volume as an indication of chromosomal ploidy has been. questioned 
by Shrader and. Leuchtenberger (1950). By C"tJtochemical analyses, Shrader and 
Leuchtenber (1950) showed that variation may be found in a single cell type, 
the spermatocyte of the insect, Ar"te1 ius albopunctatu~. &mrtz (1956; 1967) 
has also found variation within hepatic parenchymal cells when comparing 
nuclear volume and chromosomal ploidy. 
Suffice it to say that a relationship between nuclear volume and chromo-
somal ploidy cannot be assumed and must be determined for every cell type. 
When a comparison is made between the nucleaf volumes (Radii, Table 'r'.vo) and 
relative DNA content in the nonrandom selection of nuclei and the random· 
r selection (Table Two), evidenc~ is sho-vm indicating that nuclear volume 
and DNA content in Physarum are related. This is further exemplified by com-
paring the values of Nuclei No. 6, 22 and 45 (Table Three) to others in the 
same table. However, it may only be considered a tendency for those nuclei 
with a greater nuclear volume to have a greater DUA content since variation 
is evident in a closer e.xamination of the values. 
From the literature examined and the results of this study, it may be 
concluded that ploidy is highly variable in Physarum. The origin of polyploi-
dy in Physarum is another question which needs to be ex8.mined in further 
studies. 
Koevenig and Jackson (1966) feel that the polyploid nuclei could have 
originated from: l) abnomal mitoses in microplasmodia, 2)-multiple or abnor-
.. abnornal m~iosis during previous spore formation or gQmiu~-
tion, or 4) abnort'1'll mitoses in nvxamoebae. However, they feel that the best 
explanation is 11an abnormal plasmo.d.ial mitoses resulting in an autopolyploid 
which is perpetuated by successive normal Dtitoseso 111 
Ross (1966) postulated that variation of chromosome number "in pure cul-
ture is probably the result of inadequate nutritional content in the pure cul- I 
. I 
ture medium. 112 He also speculated that under natural field conditions plas- ' 
modia of various chromosome content are capable of growing and completing 
their life cycles. 
Is it possible that the polyploid nuclei have originated from a form of 
endomi to sis in which the DNA synthesis and replication occur at a normal rate 
but the nuclear membrane, which normally remains intact until late anaphase 
(Guttes ~ !ll•, 1968) stays intact during late anaphase -and telophase so that 
the doubled chromatin remains within one nucleus? 
As indicated previously, the spread of M values in the nonradioactive 
and radioactive studies yield evidence for nuclei of intermediate stages of 
DNA content (e.g. haploid, triploid, pentaploid, hexaploid, etc.). Although 
there is no conclusive evidence to explain a DNA synthetic mechanism by which 
only one-half of the genome is replicated (Pogo ~ !,!. , 1960), Storey (1968) 
has noted nritoses in Chlorophytum elatum (2n=28) where 7 chromosomes are 
passed to one daughter cell and 21 to the other. Perhaps a similar case is 
found in RJ1Ysarum pol.vcephalum where diploid, tetraploid, and octaploid nuclei 
are able to segregate out a basic genome. 
1 .2E ~·' p. 665. 
2 ~ ~., Po 717. 
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SUHl{ARY 
Late interphase nuclei of Ph:rsarum polycephalum were examined by: means 
of Feulgen Azure-A microspectrophotometry and .'.3i!-thymidine autoradiography. 
Feulgen measurements on radioactive and non-radioactive nuclei have shown 
that ploidy does exist within this particular strain of Physarwn P?kcephalum 
in varying degrees. These qualitative results served as a guideline for the 
interpretation of quantitative results obtained from autoradiography. 
Nuclear IUA synthesis does occur within Physarum during the G2-phase as 
indicated by the incorporation of ~TdR in this study. However, ploidy in 
Physarum does not influence the degree of 3i!Td.R incorporation during the a2-
phase except perhaps for the 11hi~ polyploid 11 nuclei (those with a relative 
DNA content greater than 4C). Therefore, it is doubtful that the IEA being 
synthesized in late interphase (G2) is principal DNA. The results of this 
study indicate that the polyploid nuclei conform to diploid kinetics tor at 
least the first few mitotic cycles. 
_____________________ ,.. ________ ,_.....~~-,,,., _ . .. ..,,. __ 
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Figure 1. Feulgen Azure-A spectral absorp-
tion curve for fhysarurn nuclei. Wavelength 
(millimicra) is plotted against extinction. 
Figure 2. DNA Value Histogram of unlabeled 
preparation of late interphase nuclei in 
Ph.ysarum. M Values (relative DNA units) are 
plotted against Number of Nuclei. Random 
(opaque) and non-random (shaded) selections 
are shown. 
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FIGURE 2 
PLATE I 
Figures J-6. Representative nuclei show-
ing distribution of DNA by FeuJ.gen Azure-A 
stain (a) and 3HTdR-autoradiographs (b) of 
the sar:ie nuclei. Each nucleus is numbered, 
corresponding to the Number of Nucleus lis-
ted in Table Three. 
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